We compute the Post-Newtonian parameter (PPN),γ, for scalar-tensor gravity theory when the action functional for the scalar field is a non-standard one, namely the Dirac-Born-Infeld (DBI) type action, used in the literature for a tachyon field. We investigate two different cases (Linear and conformal couplings) when the scalar field is non-minimally coupled to gravity via the scalar curvature. We find that the PPN parameter γ, which measures the amount of space curvature per unit rest mass, becomes a function of the effective mass of the scalar field. Using this PPN parameter, we calculate the time delay ∆τ for the signal to travel the round trip distance bertween a ground based antenna and a reflector placed in a spacecraft which is produced due to the grvitational field of Sun. We use this ∆τ to compare our result with that obtained by the Cassini mission and derive the constraints on the model parameters.
Some important Solar System tests for theories of relativistic gravity include the gravitational redshift, the deflection of light by the Sun, the precession of the perihelion of a planetary orbit, etc. Einstein's general relativity is consistent with these experimental tests. While considering these tests, it is useful to have a framework in which the predictions of different theories are parametrized in a systematic way. The parametrized-Post-Newtonian (PPN) framework [1] has become a basic tool to connect gravitational theories with these experiments. In PPN formalism, one takes the slow-motion, weak-field limit (the post Newtonian limit) and expands the space time metric g µν of any gravitational theory about the Minskowski metric η µν = dia(−1, 1, 1, 1) in terms of Newtonian potentials and thereby obtains the post Newtonian corrections by comparing with the standard expansion of the metric in terms of the PPN parameters (the coefficients of the Newtonian potential). These parameters may be different in different theories of gravity. For general relativity the values are, γ = 1 and β = 1 (where γ measures the amount of space time curvature per unit mass and β represent the amount of non-linearity in the superposition law of gravity). Restricting to the case of point sources, these formalism is often called EddingtonRobertson-Schiff formalism and parameters are termed as Eddington parameters ( In the rest of the paper, we call them in general the PPN parameters).
The recent renewed interests in scalar fields, minimally coupled to gravity, originates from their role in describing two accelerating phases in the history of the expanding universe: one during very early time associated with very high energy scales [2] and another during much later period (more precisely at present epoch) with much lower energy scale [3] . During both of these epochs, the slowly varying scalar field can mimic an effective cosmological constant which in turn can violate the strong energy condition resulting in the accelerated expanding phase. Scalar tensor theories are generalization of these minimally coupled field theories in a sense that the scalar fields are now non minimally coupled with the gravity sector. Although a long range scalar field, as a gravitational field, was first introduced by Jordan[4] , the standard example most studied in the literature is the BransDicke (BD) theory [5] and the analysis of the PPN parameter, in this context is carried out in [6] . Another class of scalar tensor theories naturally arises in Superstring theory where one encounters the dilaton field non minimally coupled with the gravity sector. The analysis for the PPN parameter for such gravity-dilaton system has been performed in [7] . The reason that these scalar tensor theories are one of the most natural alternatives to the general relativity (GR) is due to the fact that they respect most of the symmetries in GR like local Lorentz invariance, energy momentum conservation etc. The recent relevance of the scalar tensor theories is also due to the fact that the modified gravity theories like f (R) [8] , where one adds nonlinear contribution of the curvature scalar R in the gravity action to explain the late time acceleration of the universe, can be described as an effective scalar tensor theory. PPN parameters for such f (R) gravity theories have also been studied by using the dynamical equivalence between f (R) and scalar-tensor theory gravity [9] , [10] .
In recent years, an alternate possibility of having scalar fields governed by a non-standard action with the Lagrangian density of the form: L = −V (Φ) √ 1 + X, where V is the potential function of the field and X = 1 2 ∂ µ Φ∂ µ Φ, has been proposed [11] . This is a generalization of the Dirac-Born-Infeld (DBI) action and captures the dynamics of the scalar field (called tchyon) living on the world volume of a non-BPS brane in Type II string theory [12] . This non-standard form of the action, as argued in [13] , is another form for the action functional of a relativistic scalar field. Such an action has attracted significant attention in the context of both inflation [14] as well as late time acceleration of the universe [15] . In fact such DBI action with the scalar field being non-minimally coupled to gravity has been studied in the context of in-flation [16] .
In spite of the fact that such a new class of scalar tensor theories explain some interesting cosmological observations, they are expected to be severely constrained by the local gravity tests, e.g, Solar System experiments which give very stringent bound on any deviations from standard GR. In this note, we carry out our analysis of such an attempt.
We start with the non-standard DBI form of the action for the scalar field Φ which is non minimally coupled to gravity in the following form:
where G is the bare gravitational constant, R is the scalar curvature of the metric g µν and S m is the action for nonrelativistic matter field. This matter field does not evolve but contributes to the dynamical equation for the metric field through the energy momentum tensor. The two parameters η and τ 3 are introduced to keep track of the dimensions. η has the dimension of [length] and τ 3 has dimension of [length] −2 . In the context of string theory they are string length and the tension of a non-BPS D3-brane respectively. The field Φ in this case is dimensionless. However, as alluded earlier, in this analysis since we will not invoke the dynamics in the context of string theory, rather we simply consider the case of a scalar field with non-standard action, we consider η and τ 3 as simply some dimensional constants. Similarly, the potential function, at this stage is a smooth function and otherwise is arbitrary. We will have more comments on this at a later stage of our analysis. Note that the non-minimal coupling of the scalar field with gravity is specified by an arbitrary function F (Φ).
The dynamical equation for the metric field g µν which is obtained by variation of the action equation (1) with respect to the metric tensor g µν is of the form:
Similarly, the dynamical equation for the scalar field can be obtained by varying the action with respect to this field. However, due to the nature of non-minimal coupling, this variation leads to the presence of the scalar curvature in the dynamical equation. We eliminate this curvature scalar using the above equation and present the resulting equation below:
In the above equations T µν is the energy momentum tensor for the matter field contributed from the matter action S m which is taken in the form T µν = diag(ρ, p, p, p) . T denotes the trace of it. Prime here denotes the differentiation with respect to the field Φ. In what follows, we restrict to two different forms for the coupling function F (Φ) for subsequent analysis.
I. CASE(I):F (Φ) = Φ
We specify the non-minimal coupling to be linear in the field and expand the field and the metric around a constant uniform background field Φ 0 and a Minkowski metric η µν = diag(−1, 1, 1, 1):
where h µν << 1 and ψ << Φ 0 . Here ψ represents the local deviation from Φ 0 . Similarly, we also expand V (Φ) as
. We also assume that Φ 0 is the location of extrema of the potential and hence V ′ (Φ 0 ) = 0 for our subsequent calculations. We assume that at this extrema, V (Φ) has a very small but nonzero value, i.e V (Φ 0 ) = ǫ, ǫ << 1, thus assuming the existence of a small but non zero constant scalar energy density.
The dynamical equations (2) and (3) thus reduce to equations in terms of ψ and h µν where we can neglect all the higher order terms involving ψ and h µν and ǫ. For further simplification, we choose the following gauge:
We also define a new variable
Working in the above gauge and in terms of the new variable χ µν , equations (2) and (3) now become:
We are interested in gravitational field around astrophysical objects like sun or our earth. In such situations, the gravitational field is approximately static and hence we ignore time derivative in the equations of motion and we also set the pressure, p ≃ 0 as the systems being non relativistic. The equations (7), (8) then reduce to (we assume V (Φ 0 ) = 0 and ignore all 2nd and higher order terms involving ǫ, h µν and ψ)
We set the energy density, ρ = M s δ(r) where we assume the presence of a source at the origin r = 0. Since in the solar system the Sun represents the main contribution to the matter energy density, M s is the Newtonian mass of the Sun. With this, we obtain the solutions as,
The solutions for h µν are
Here, we have defined the "effective mass" of the scalar field as m 2 ef f = V ′′ (Φ 0 ). The second term inside the first bracket in the right hand side in both equations above is the correction to the standard term 2GMs r . This is similar to the correction obtained by Perivolaropoulos for a massive Brans-Dicke theory [17] where the term τ 3 η 2 ǫΦ 0 and √ τ 3 m ef f play the similar role as 2ω and m for the massive Brans-Dicke case. In our model, τ 3 and η should be nonzero in order to study the effect of the nonstandard action. Hence the ω = 0 in the massive Brans-Dicke case corresponds to ǫ = 0 in our case. In this case, we recover the exactly same solutions for h µν as one obtains for a massive Brans-Dicke case with ω = 0. Given the fact that ǫ represents the nonzero value of the potential at its extrema, one observes that for potentials with V (Φ 0 ) = 0 with Φ 0 being the location of the extrema, scalar field with DBI type action produces the same gravitational field under weak field approximation as one gets for massive Brans-Dicke gravity with similar potential but with vanishing BD parameter ω.
But for nonzero ǫ, one gets two additional terms, one varies as r 2 and other one is a constant. The constant term can be removed with a suitable coordinate transformation
µ . With this coordinate transformation, the gauge condition (6) that we have used to solve the system, remains invariant and hence this is an artifact of a gauge mode. The term involving r 2 is similar to what one gets in the presence of a cosmological constant. This term can not be removed by any coordinate transformation. It is due to the nonzero ǫ which is the value of the potential at its extremum around which we expand it. In the Einstein's equation (2), this appears as an effective cosmological constant term which is essentially the scalar field constant energy density. Although in the solutions for h 00 and h ij , this term gives a r 2 contribution, typical for a cosmological constant, but the solutions does not reduce to the de-Sitter solution for M s = 0 or r → ∞. This is because the Einstein's equation (2) is different from that for a de-Sitter Universe due to the presence of the nontrivial scalar field and its derivatives (for similar solution see [9] ). Now, using the standard expansion of the metric in terms of γ, the Post-Newtonian parameter
where u is the Newtonian potential, we rewrite expressions of h 00 and h ij , omitting the r 2 term, as
where the effective Newton's constant, G ef f is defined to be
where 2ω = τ 3 η 2 ǫΦ 0 and m 1 = 
We analyze the constraints on the parameters appearing in the above expression in section III. At present we consider a second case of the non-minimal coupling function. But before that it is worth mentioning one interesting situation when the potential V (Φ) in the action (1) is a constant. This case is interesting because it gives rise to the Chaplygin Gas equation of state p = − A ρ where p is the pressure and ρ is the energy density and A being an arbitrary constant. This has been studied extensively in cosmology [20] . In this case the h 00 and h ij are of the form:
and
where V c = V (Φ) = constant. In the case where, the terms inside the square bracket cancel each other, the solutions are exactly identical to the massless Brans-Dicke case with the identification τ 3 η 2 V c Φ 0 = 2ω where ω is the Brans-Dicke parameter. The parameter γ in this case is given by
We consider the case of conformal coupling given by
with ξ = 1 6 . We proceed in a similar way as in case(I), but with a different gauge choice for simplifying the analysis :
As in the previous case, we define the variable
F (Φ0) ψ in order to write the equations in a simplified form. With this equations (2) and (3) become
where
For the energy density, ρ = M s δ(r), the solution of the above equations are 
In term of h 00 and h ij , the solutions become
Likewise the linear coupling, here also we get both the constant term and the term proportional to r 2 together with the usual exponential correction. The constant term can again be removed with a suitable coordinate transformation
ef f which keeps the gauge condition (27) unchanged. The effective gravitational constant G ef f in this case, can be written as
The Post-Newtonian Parameter γ for this case is found to be
(36)
III. OBSERVATIONAL CONSTRAINTS
In order to constrain the model parameters, we use the recent measurement of time delay ∆τ of the radio waves transmission near the solar conjunction by the Cassini spacecraft [21] .
The delay in time taken for the signal to travel the round trip distance between a ground based antenna and a reflector placed in a spacecraft is produced due the gravitational field of the Sun. For the standard Einstein's gravity, it has the form of
where G is the gravitational constant, b is the impact parameter and r 1 and r 2 are distances of the ground base antenna and the spacecraft respectively from the Sun. Here, γ is a constant and its measured value by Cassini mission is γ obs = 1 + (2.1 ± 2.3) × 10 −5 [21] . But the expression (37) is only valid for constant γ. If γ is not a constant, as in our case ( in fact γ is not a constant for most of the modified gravity models), it is wrong to use the expression for γ [as in equation (22) and (36)] together with the above mentioned constraint from Cassini mission to put bound on the model parameters. In that case, one has to calculate the actual time delay ∆τ for the model. Doing this in our model, we get ∆τ for F (Φ) = Φ case as
Here, a T = r 2 1 − b 2 and a R = r 2 2 − b 2 . For the conformal coupling case F (Φ) = (1 − ξΦ 2 ), we get similarly as
The observation bound on ∆τ obs is [21] ∆τ obs > 2.6042 × 10 −4 sec (40)
at the 1σ and 2σ levels respectively. Using equations (38) and (39), we now put constraints on the model parameters using the bound on ∆τ mentioned above.
In figure 1 (left) , we show the constraint on the parameter τ 3 ǫ and m ef f r 1 √ τ 3 for the case of linear coupling. For this we assume a particular value for Φ 0 = 1. One should keep in mind that these two parameters are related to the energy scale and the mass scale of the potential. So the allowed region actually constraints the shape of the potential around its extremum.
Similarly in Figure 1 (right), we show the same constraint for the conformal coupling case with the same value of Φ 0 . Comparing these two figures, one can say that in the conformal coupling case, smaller mass for the scalar field is allowed for the same range of scalar field energy density.
IV. CONCLUSION
In this paper, we analyze the Solar system constrain on the scalar tensor theories having a nonstandard action for the scalar field. We consider the linear (same as BD case) as well as the conformal couplings case. In both the cases, the Newtonian potential is corrected by a term which goes as square of the distance, typical in presence of a cosmological constant. In our case, this term is due to nonzero scalar field energy density at the extremum. This is in addition to the well known exponentially suppressed correction which depends on the effective mass of the scalar field.
Next we calculate the PPN parameter γ in our model and have shown that together with the usual exponential correction term, there is another term which has r 2 dependence. The exponential correction term comes together with a factor which is similar to (2ω + 3) as in BD case. But unlike the BD case where ω is an independent parameter, here it depends upon the potential parameters.
We also calculate the actual time delay for the signal to travel the round trip distance between a ground based antenna and a reflector placed in a spacecraft due to gravitational field of the Sun for our model. Using the measurement of this time delay by the Cassini mission, we find the allowed region for our parameters τ 3 ǫ and τ 3 m 2 ef f r 2 1 which essentially control the shape of the potential around its extrema. Hence local gravity tests like time delay meaurements can be useful in constraining the shape of the potentials for scalar fields having nonstandard actions and nonminimally coupled to the gravity sector.
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